Abstract Oral health in early-and mid-adulthood is essential for the improvement of one's QOL, this study was investigated to include an epidemiological analysis of the relationship between tooth loss and life style, such as smoking, regular exercise, and the food habits of approximately 2,000 employees. Compared with the group with mild or no periodontal disease (CPI of 0, 1, or 2), the frequency of tooth loss in the group with advanced periodontal disease (CPI of 4) was 2.00 times (odds ratio, 2.00; 95% confidence limit, 1.37 to 2.93). The probability of tooth loss showed statistical significance in relation to smoking, alcohol drinking, and frequency of meals. Compared with non-smokers, the probability that current smokers will lose teeth is 1.53 times greater (odds ratio, 1.53; 95% confidence limit, 1.20 to 1.96). It was concluded that periodontal disease and smoking must be averted for preventing tooth loss.
Introduction
According to population statistics estimates, the percentage of the aged population in Japan 65 years and older will more than double by the year 2,030. Thus the so-called "aged society" is about to become a reality in Japan. To prepare for this eventuality, various health policies are being implemented in accordance with the Health for the Elderly Law, to maintain and promote the health of the aged. Nagai et al. (1990) and Teraoka et al. (1992) have reported that in such a social environment, it is essential that the elderly keep their teeth to maintain satisfactory quality of life (QOL). They reported that physical and social activities may be enhanced by preventing tooth loss and preserving the masticatory capability. We also believe that maintenance and promotion of oral health are important objectives for improving the QOL of the aged.
To accomplish this, periodic examination, treatment, and self-care of the teeth are necessary. Proper health education, beginning at an early age and continuing through middle age is highly recommended (Nabers et al., 1988; Wood et al., 1989) . In general, it is assumed that the tooth loss will be readily affected by one's lifestyle, but there has not been sufficient epidemiological evidence in Japan to warrant this assumption.
Oral health in early-and mid-adulthood is essential for the improvement of one's QOL. This study was extended to include an epidemiological analysis of the relationship between tooth loss and life style, such as smoking, drinking, regular exercise, and the food habits of approximately 2,000 employees of a large manufacturing plant.
To gain basic data that may be helpful in finding the conditions that might prolong a healthy life for the aged, two part epidemiological surveys were conducted followed by a comprehensive evaluation on oral conditions of the aged and an improvement of their QOL.
Subjects and Methods

Subjects
They were approximately 2,000 employees of a large petroleum chemical plant located in Osaka Prefecture. The employees worked in a petroleum chemical plant where the major products were resins (such as vinyl chloride and polypropylene) and chemical products (such as ammonia and urea). The employees included those who worked at the plant sites on 3-shifts; but most of them operated computer-controlled machinery so they were not likely to be exposed to toxic substances.
There were 2,015 participants for the examinations. The requirements for participation in this project were:
(1) Males between 20 and 59 years; and (2) Available for dental examinations.
Survey method
Measurements of oral condition were conducted within a 10-day period (from April 7th to the 18th, 1998; excluding Saturdays and Sundays). About 200 subjects were examined each day.
The dental examinations were conducted by an experienced dentist and 3 dental hygienists. The three examiners underwent a two-day training session shortly before the data collection.
The subject sat on a simple chair designed for dental examinations, with his head positioned securely. A light was arranged to permit accurate examination. About 5 minutes were allocated for each examination.The oral conditions recorded were caries status (decayed, missing and filled teeth).
Prior to the health examination, question sheets were distributed to the test subjects so that they could report on their well-being. The completed forms were collected on the day of the health examination. The rate of recovery was almost 100%.
A multiple choice format wa s adop ted for the questionnaire that was designed to be filled out by each respondent. The questions were on: "cigarette smoking" (1. non-smoking; 2. quit smoking; 3. smoking); "alcohol drinking" (1. do not drink; 2. quit drinking; 3. drinking); "frequency of physical exercise" (1. never; 2. sometimes; 3.once or twice a week; 4. almost every day); and "food habits" subdivided into 7 items: (1) number of meals per day (1. 3 times; 2. twice, 3. irregular); (2) snack between meals (1. yes, 2. no); (3) eating out (1. frequently, 2. rarely); (4) daily diet pattern (1. regular, 2. irregular); (5) inclusion of vegetables in the diet (1. ample; 2. none); (6) flavoring of food (1. strongly salty, 2. conventional, 3. lightly flavored); (7) oily food items (1. preferred, 2. not desired much); "hours of sleep" (1. less than 6; 2. 6.1 to 8.9; 3. 9 or more).
Statistical analysis
Logistic regression analysis (Tango et al., 1996) was also employed (after adjusting for age and the extent of periodontal disease) to examine the relationship between tooth loss and factors related to life style.
The software used for statistical analysis was the Macintosh Statview Ver. 5.0 Computer Program. The level of significance was set at p<0.05.
Informed consent and maintaining privacy for subjects
This description is similar to Part 1. Figure 1 shows the results of logistic regression analysis (after adjusting age) for the relationship between tooth loss and the extent of periodontal disease. It is noted that as periodontal disease advances, the probability of losing teeth increases. Compared with the group with mild or no periodontal disease (CPI of 0, 1, or 2), the frequency of tooth loss in the group with advanced periodontal disease (CPI of 4) was 2.00 times (odds ratio, 2.00; 95% confidence limit, 1.37 to 2.93). Table 1 shows the results of a logistic regression analysis for the relationship between tooth loss and life style-related factors (after adjusting for age and the state of periodontal disease). The probability of tooth loss showed statistical significance in relation to smoking, alcohol drinking.
Results
Compared with non-smokers, the probability that current smokers will lose teeth is 1.53 times greater (odds ratio, 1.53; 95% confidence limit, 1.20 to 1.96). The odds ratio tends to increase in proportion to the amount of cigarettes smoked. Compared with non-smokers, the odds ratio also increased significantly for those who had been smoking for more than 10 years. On the other hand, the probability that alcohol drinkers will lose teeth, in comparison with non-drinkers, was 0.64 times greater (odds ratio, 0.64; 95% confidence limit, 0.47 to 0.89).
For dietary habits, only the frequency of meals showed Fig. 1 Results of logistic regression analysis for the relationship between tooth loss and the extent of periodontal disease after adjusting age in male. **: p<0.01, ***: p<0.001 a statistically significant relationship. The probability that those who eat at irregular frequencies will lose teeth, in comparison with those who take 3 meals regularly, was 1.56 times (odds ratio, 1.56; 95% confidence limit, 1.17 to 2.07) ( Table 2) .
Discussion
The effect of tooth loss on the masticatory function was also examined. It has been reported that having reached adulthood, one is more likely to lose teeth due to the presence of periodontal disease. The present study was conducted on men between the ages of 20 to 59 years who were employed in a large manufacturing plant. It was f o u n d t h a t t h e p r o b a b i l it y o f l o s in g t e e t h w a s proportional to the severity of periodontal disease, a result that coincided with what was reported by past studies (Grossi et al., 1994 (Grossi et al., , 1995 . In other words, it was concluded that preventing tooth loss is vital for maintaining the masticatory function; so to prevent tooth loss, periodontal disease must be averted.
The most effective approach to prevent periodontal disease is to control the pathogenic bacteria responsible for the development of this disease: and the risk factors that exacerbate it must be eliminated. Epidemiological studies conducted in Japan, the United States, and Europe attest to the fact that smoking is responsible for the development and exacerbation of periodontal disease (Bergstrom, 1991) . It has been suggested that continuous long-ter m sm oki ng br ings abo ut harmful effect, regardless of the quantity of cigarettes smoked. Shizukuishi and Hanioka (1994) cited the following as the ou ts ta ndi ng ill e ffects th at sm oki ng h as o n periodontal tissue: 1) vasoconstrictive action of nicotine; 2) acceleration of gingival fibrosis; 3) suppression of leukocyte functions; and 4)compromised healing function of the gingiva. Thus smoking cessation, as well as control of the pathogens, are important in preventing periodontal disease.
In this study, the correlation between tooth loss and factors related to life style was analyzed after making statistical adjustments for age and the severity of periodontal disease. Subsequently, it was found that a statistically significant relationship was found between smoking, frequency of meals taken, and drinking. As stated earlier, smoking has already been recognized as a Odds ratios adjusted for periodontal disease and age.
risk factor for periodontal disease. The analysis conducted after adjusting for the extent of periodontal disease revealed that smoking does have an effect on tooth loss. It was presumed that this was due to the direct effect of smoking on the gingiva and was explained by acceleration of gingival fibrosis and compromised healing function of the gingiva, among the ill effects of smoking cited above (Baab and Oberg, 1987) . It was found that those who have meals at irregular intervals have a greater probability of losing teeth in comparison with those who eat meals regularly 3 times a day. The frequency of meals is an indicator of healthy food habits and represents the state of daily activities. The results of this study do not necessarily indicate that there is a problem with the frequency of meals taken per se: it indicates that those who maintain a proper rhythm in their daily life are less likely to lose teeth.
It was shown that those who consume alcoholic beverages are less likely to lose teeth; but the survey was conducted to determine whether the subjects consume any alcoholic beverages. Another survey that covers the quantitative aspect of one's drinking habits should be conducted in the future (Shizukuishi, 1998) .
From the two epidemiological studies (Part 1, Part 2) on the relationships between the presence of teeth and QOL of the aged and between tooth loss and life style of adult men, it was found that aged dentulous individuals enjoy more desirable life activities. The studies also proved that if the goal is to prevent tooth loss, smoking cessation and a regular life pattern are both desirable. Odds ratios adjusted for periodontal disease and age.
